The relationship was analyzed between dynamic and static modulus of elasticity (MOE) of I-beam, the dynamic modulus elasticity was evaluated by vibration wave nondestructive testing (NDT), the static modulus elasticity was evaluated by three point bending test, and I-beam was made of HDPE and poplar flour. The dynamic MOE was evaluated on a FFT system, and the static MOE of the same Specimens measured on the key laboratory of bio-based material science and technology of ministry of Chinese education according to the ASTM standard D 790-03. Results showed that the NDT MOE values overestimated the static MOE from -9.47% to 31.96% depending on the boardwalk type. Regression analysis showed no significant correlation between the dynamic MOE and the Static MOE. These results suggest that the vibration wave NDT technique may not be appropriate to estimate the static MOE of I-beam made from WPC. The trend however needs to be confirmed by further testing.
INTRODUCTION
WPC has great application value for its outstanding advantage of environmental protection, recycling and economic factor. But, the intensity of WPC is far lower than lumber. In order to strengthen bearing capacity of WPC, some factories had made all kinds of special-shaped products, such as I-beam made from WPC, which containing wood flour dispersed in a matrix of polymers (polyethylene, polypropylene or polyvinyl chloride), are commercial products, which are increasingly replacing the crosses of outdoor decks, especially in construction applications. It might be recalled that the WPC industry grew out of the desire to I-beam into those useful products [1] . If, as expected, I-beam made of PE and poplar flour maintain their very high growth rate and as new applications are found for these products. With the market share of I-beam increasing, there is a pressing need to study the mechanical properties of these products [2] .
The NDT methods have been used for sorting and grading wood products over the last few decades. The dynamic MOE of wood, an important measure that shows the wood's resistance to transformation, is usually used for the NDT of wood [3] . If the elasticity and strength of I-beam made of HDPE and wood flour for structural uses can be estimated nondestructively with high accuracy by applying a small deformation or vibration to an I-beam specimen, the confidence of I-beam for structural uses will increase. In this study, the values of dynamic Young's modulus of I-beam made of HDPE and wood flour were measured by longitudinal transmission, longitudinal vibration and flexural vibration test [4] , and the values of static MOE were also obtained by three point bending test according to ASTM D790-03. The purpose of the study was to investigate the correlativity between the dynamic Young's modulus and static MOE of I-beam made of PE and wood flour, the effect of I-beam on the dynamic and static MOE, the variability of dynamic and static MOE that I-beam, and whether three different NDT methods are applicable to the mechanics performance testing of I-beam.
Materials and Methods

MATERIALS
The I-beam used in this study was bought from Sanlite Company in Zouping, Shandong, China. The percentages of Wood flour and HDPE were 55% and 45%, respectively.
The test material was cut experimental I-beam according to ASTM D790-03.The dimensions of all specimens were 500×29×30 mm, and the sectional drawing of I-beam was shown in Fig.1 , the specimens should be conditioned to constant mass in an atmosphere with a relative humidity of (65±5)% and a temperature of (20±2)℃ for 24 hours.
NONDESTRUCTIVE TESTING METHODS
The dynamic Young's modulus Ev was carried out using the longitudinal transmission method [5] [6] [7] . The sound velocity and dynamic Young's modulus were calculated based on Eq.1 and Eq.2.
(
where v is sound velocity, l is length of the specimen, T is transmission time, E v is dynamic Young's modulus, and ρ is density of the specimen.
The Young's modulus of free-free longitudinal vibration Ep was obtained by using the longitudinal vibration method. The Young's modulus of free-free longitudinal vibration Ep was calculated using Eq.3 [6] [7] [8] .
where E P is dynamic Young's modulus, ρ is density of the specimen, l is length of the specimens, and f n is frequency of sound wave. The dynamic out-plane Young's E1 was carried out using the flexural vibration method. The specimens were supported by two strings. The supporting positions of the strings were 0.224L from both ends. This position corresponds to the nodal points for the fundamental mode of this vibration system. The vibrating frequency was detected by a high-sensitivity microphone connected to an amplifier and a FFT analyzer [6] [7] [8] .
After determination of the dynamic MOE, the static MOE EB of the same board was determined by a three point bending test according to the ASTM D790-03, the static modulus EB were calculated based on Eq.4.
where E B is static MOE, L is support span, b is width of the specimen, h is thickness of the specimen, and m is slop of tangent to the initial straight-line portion of the load-defection curve.
Results and Discussion
The average values of I-beam on dynamic modulus and static MOE were shown in Table 1 . According to the Table 1 , the Ev, dynamic Young's modulus by longitudinal transmission method, was the largest value of all others of I-beam. The E1, dynamic Young's modulus by out-plane flexural vibration method, was between Ev and EP, and was approach to the EB. The EP, dynamic Young's modulus by dynamic Young's modulus by longitudinal vibration method, was the least value of all others of I beam. The reasons were summarized as follows: (1) the special shape of I-beam affected more values of EI than values of EP. (2) The special shape of I-beam augmented the values of EB. The changeable confine of values on standard deviation was from 0.0037 to 0.0103 GPa, and the largest value of coefficient of variation on dynamic and static MOE was far lower than 1%, so the average values were highly accurate. The regression curve between E v and the static MOE was shown in Fig.2 . From the regression analysis between E v and the static MOE, the following linear regression formula was obtained E υ =0.6759 MOE +2.9515, R v =0.5302 >R 13, 0.05 =0.514. So there was not strong correlation between E υ and the static MOE; the causation was that the sound transmission time could not reflect the properties of whole I-beam. The regression curve between E p and the static MOE was shown in Fig.3 . From the regression analysis between E p and the static MOE, the following linear regression formula was obtained: E p =0.8068 MOE +30.3571, R p =0.5978 > R 13, 0.05 = 0.514. So the correlation between E p and the static MOE was not strong because the mode of tap and the resonance frequencies could not reflect all properties of whole I-beam.
The regression curve between E1 and the static MOE was shown in Fig.4 . From the regression analysis between E1 and the static MOE, the following linear regression formula was obtained E1=1.7838 MOE -3.7785, RI=0.4803 ＜ R13, 0.05=0.514. So E1 and the static MOE had not correlation. The reason was that the mode of tap and the resonance frequencies could not reflect the properties of whole I-beam.
The reason could be that the structure of I-beam affected the effect of percussion vibration, which the vibration wave NDT technique was not appropriate to estimate the static MOE of I-beam.
CONCLUSIONS
The conclusions of this study were as follows:
(1) For all three dynamic tests, the dynamic Young's modulus by out-plane flexural vibration method was lower slightly than static MOE of I-beam, the others were higher than that of I-beam.
(2) The study indicated that there was a poor correlation between EV, EP and the static MOE, respectively, the EI had no relationship with the static MOE. I-beam could strengthen bearing capacity of wood plastic composites.
(3) Results obtained show that the NDT MOE did not correlate very well with the Static MOE, and suggest the conclusion that the vibration wave NDT of the MOE is not a good estimate of the mechanical properties of I-beam, Further studies using different plastic types, different proportion of wood and plastic, and other NDE techniques are needed to confirm these results.
